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(54) Motor-assisted power steering apparatus 

(57) A motor-assisted power steering apparatus 
includes a DC motor (2) which is fixed to a heat conduc- 
tive frame (4), a torque sensor (19) for detecting torque 
of steering torque and a control circuit (3) for controlling 
current supplied to the motor (2). The control circuit (3) 
comprises a first unit disposed in a space defined by the 
frame (4) and the commutator (8) and a second unit dis- 
posed on an outside of the motor (2). The first unit 
includes a plurality of switching elements (18a-18d) 
connected to the motor (2) and a microcomputer (22) for 
setting motor current, a current detecting unit (24) for 
detecting current supplied to the motor (2), a current 
control unit (25) for providing duty ratio signals and a 
gate driving circuit (26) for driving the switching ele- 
ments (18a-18d) according to the duty ratio signals. 




FIG. 1 



EP0 831 012 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present invention relates to a motor-assisted 
power steering apparatus for a vehicle. 

2. Description of the Related Art 10 

A recent motor-assisted steering apparatus 
requires more electric power as it has been adopted to 
popular cars which have become bigger and heavier. 

In such a motor-assisted steering apparatus, is 
because the motor control circuit is disposed on a radi- 
ally outside portion of the motor, the switching elements 
in the control circuit are located remote from the 
brushes of the motor. Thus, the electric resistances of 
wires connecting the brushes and switching elements 20 
are substantial and cause temperature rise of the con- 
troller, which in turn causes insufficient performance of 
the motor and radiation of electric noises. 

In order to prevent the temperature rise, it is neces- 
sary to control the current flowing in the lead wires by ss 
detecting temperatures of the lead wires, switching ele- 
ments and brushes. This necessitates many tempera- 
ture sensors and increases the production cost. 

SUMMARY OF THE INVENTION 30 

Therefore, a main object of the present invention is 
to provide a motor-assisted power steering apparatus 
which has an increased performance of the motor with 
decreased electric noises, improved structure for cool- 35 
ing the switching elements and decreased number of 
temperature sensors. 

According to the present invention, brushes and 
switching elements are disposed in a space between a 
frame for fixing the motor and commutator. As a result, 40 
a distance between the brushes and switching elements 
can be made short so that the wiring resistance 
between the brushes and switching elements can be 
reduced, thereby improving the motor performance with 
less electric noises. is 

When a large amount of current is supplied in a 
short time, heat of the switching elements can be dissi- 
pated by a heat capacity of the motor. 

According to another feature of the present inven- 
tion, the brushes are disposed around the commutator 50 
in an angle less than 180° to provide a sufficient space 
to accommodate the switching elements. 

According to another feature of the present inven- 
tion, each of the brushes has a pig tail which is con- 
nected to some of the switching elements through a 55 
lead wire on the brush support. 

According to another feature of the present inven- 
tion, the circuit board for electrically connecting the 



switching elements is disposed on the brush support. 
Therefore, the assembling of the apparatus is easy and 
the reliability of the connection is improved without 
increasing the distance between the brushes and' 
switching elements. 

According to another feature of the present inven- 
tion, a temperature sensor is disposed at a portion of 
one of the lead wires connected to one of the pig tails of 
the brushes. Therefore, the brush temperature and the 
switching element temperature can be detected by a 
single temperature sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and characteristics of the 
present invention as well as the functions of related 
parts of the present invention will become clear from a 
study of the following detailed description, the 
appended claims and the drawings. In the drawings: 

Fig. 1 is a cross-sectional view illustrating a motor- 
assisted steering apparatus; 
Fig. 2 is a plan view illustrating a brush holder hav- 
ing various components of a control circuit dis- 
posed on a brush support; 
Fig. 3 is a perspective view illustrating a case and 
the brush support; and 

Fig. 4 is a block diagram showing an internal struc- 
ture of the control circuit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A motor-assisted power steering apparatus (herein- 
after referred to as EPS) according to the present inven- 
tion is described with reference to the appended 
drawings. 

As shown in Fig. 1 , the EPS 1 is composed of a DC 
motor 2, a control circuit 3 which controls current sup- 
plied to the motor 2 according to the steering force and 
vehicle speed, and a frame for supporting the motor 2 
and control circuit 3. 

The motor 2 is composed of a cup-shaped yoke 6 
having a magnetic field unit 5 (which is composed of a 
plurality of permanent magnets), an armature 7 dis- 
posed to be rotatable within the magnetic field unit 5, a 
commutator 8 mounted in the armature 7, a pair of 
brushes 9 disposed around the commutator 8 in contact 
therewith and a brush holder 10 for the brushes 9. The 
armature 7 is disposed vertical to the frame 4 as shown 
in Fig. 1. 

The yoke 6 has a bottom and an open end having a 
flange which is fixed to the frame 4 by screw bolts 1 1 . 
The armature 7 has a rotary shaft 12, one end of which 
carries the commutator 8 and faces the frame 4. One 
end of the rotary shaft 12 is supported by the frame 4 
via a bearing 13, and the other end thereof is supported 
rotatably by the bottom of the yoke 6 via a bearing 14. 
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One of 1he brushes 9 is disposed at an angle of 90 
° from the other around the commutator 8 as shown in 
Fig. 2. Ea'ch of the brushes 9 is held to be slidable in a 
brush case 10a respectively and biased by one of 
springs 16 toward the commutator 8. 5 

The brush holder 10 is composed of the brush 
cases 10a and a brush support 10b. The brush support 
10b has a central hole 10c, as shown in Fig. 3, through 
which the commutator 8 extends and is disposed inside 
the yoke 6 around the commutator and fixed to the 10 
frame 4 by a screw bolt(not shown) or the like. The 
brush support 10b has a circuit pattern (not shown) at 
the surface facing the frame 4 (left surface thereof in 
Fig. 1). Each of the brushes 9 has a pig tail 17 con- 
nected to the circuit pattern. 15 

The control circuit 3, as shown in Fig. 4, is com- 
posed of four switching elements 18a-18d, an l/F circuit 
21 , a microcomputer (CPU) 22, an l/F circuit 23, a cur- 
rent detecting unit 24 for detecting current supplied to 
the motor 2, a current control unit 25, a gate driving cir- 20 
cuit 26, a capacitor 27, a relay 28, a temperature sensor 
29 mounted on the brush support 1 0b (on a portion con- 
nected to one of the pig tails 17), an l/F circuit 30, and 
an l/F circuit 31. 

The l/F circuit 21 converts two input signals, one 25 
from a torque sensor 19 which detects the steering 
torque and the other from a speed sensor 20 which 
detects the vehicle speed, into digital signals. The 
microcomputer 22 sets motor current, which is required 
for the torque assisting of the steering, according to the 30 
digital signals indicating a steering torque and a vehicle 
speed. The l/F circuit 23 converts output digital signals 
of the microcomputer 22 into analog signals. The 
capacitor 27 smoothes the current supplied to the bat- 
tery when the switching elements 18a-18d are operat- 35 
ing. The current control unit 25 provides duty ratio 
signals for controlling the switching elements 18a-18d 
according to the current detected by the current detect- 
ing unit 24. The gate driving circuit 26 drives the switch- 
ing elements 18a-18daccordingtotheduty ratiosignals 40 
of the current control unit 25 and an assist direction 
decided by the microcomputer 22. The relay 28 cuts the 
motor current when some trouble of operation takes 
place. The l/F circuit 30 converts input signals from the 
temperature sensor 29 into digital signals, and the l/F 45 
circuit 31 drives the relay 28 after converting the digital 
signals from the microcomputer 22 into analog signals. 

A circuit board which connects electric components 
of the control circuit 3 other than the switching elements 
18, capacitor 27 and relay 28 is housed in a case 32, so 
which is disposed outside the motor 2 ( on the yoke 6) 
and fixed to the frame 4 by screw bolts or the like. The 
switching elements 18a-18d, capacitor 27 and relay are 
fixed to the brush support 10b at a side of the frame 4 
and connected to the circuit pattern of the brush support 55 
10b. As shown in Fig. 3, the electric components 
housed in the case 32 are connected to the switching 
elements 18a-18d, capacitors 27 and relay 28 respec- 



tively through a plurality of terminals 33 which are 
insert-molded with the case 32 at one end and fitted to 
the brush support 10b and soldered to the circuit pat- 
tern of the brush support at the other end. The switching 
elements 18a-18d arefixed to the frame 4 in close con- 
tact therewith (in thermal contact) by screw bolts, an 
adhesive or the like. 

The frame 4 is made of a heat conductive material 
(e.g. aluminum) and is fixed to a housing of the steering 
mechanism (not shown) in close contact (in thermal 
contact) therewith. The housing is made of a thick alu- 
minum plate and has a large heat capacity. Since the 
housing is fixed closely to the frame 4, the heat capacity 
of the housing is increased by the heat capacity of the 
frame 4. 

Operation of the EPS 1 according to this embodi- 
ment of the present invention is described next. 

When a driver operates the steering of a vehicle, 
the steering torque is detected by the torque sensor 19 
and is applied to the control circuit 3. At the same time, 
the input signal from the torque sensor 19 and the 
speed signal from the speed sensor 20 are applied to 
the control circuit 3. The assisting torque of the motor 
and the current to be supplied to the motor are calcu- 
lated to provide the duty ratio signal. The switching ele- 
ments 18a-18d turn on and off according to the duty- 
ratio signal and the direction to assist, thereby control- 
ling the current to be supplied to the motor 2 from the 
battery 34. 

The brush support 10b can be made from a printed 
board, on which the switching elements 18a-18d are 
connected so that the brushes 9 and the switching ele- 
ments 18a-18d can be connected easily and surely 
without increasing the distance between the brushes 9 
and switching elements 18. 

(Variation) 

The brush support 10b can be made from a resin- 
ous plate with conductive terminals instead of the 
printed circuit board. 

In the foregoing description of the present inven- 
tion, the invention has been disclosed with reference to 
specific embodiments thereof. It will, however, be evi- 
dent that various modifications and changes may be 
made to the specific embodiments of the present inven- 
tion without departing from the broader spirit and scope 
of the invention as set forth in the appended claims. 
Accordingly, the description of the present invention in 
this document is to be regarded in an illustrative, rather 
than restrictive, sense. 

Claims 

1 . A motor-assisted power steering apparatus includ- 
ing a frame (4), a DC motor (2) fixed to said frame 
(4) and having a commutator (8) and a pair of 
brushes (9), and a control circuit (3) for controlling 
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current supplied to said motor (2); wherein 

said control circuit (3) comprises a plurality of 
switching elements (18a-18d) connected to 
said motor (2) and disposed in a space defined s 
by said frame (4) and said commutator (8). 

2. A motor-assisted power steering apparatus as 
claimed in claim 1, wherein 

said control circuit (3) comprises a bridge cir- 
cuit composed of said switching elements 
(18a-18d). 

3. A motor- assisted power steering apparatus as 15 
claimed in claim 1 , wherein 

said brushes (9) are disposed around said 
commutator (8) in an angle less than 180° . 

20 

4. A motor-assisted power steering apparatus as 
claimed in claim 1 further comprising a brush sup- 
port (10b), disposed in said space, for supporting 
said brushes (9), said switching elements (18a- 
18d) and lead wires, wherein 2s 

each of said brushes (9) has a pig tail (1 7) con- 
nected to said switching elements (18a-18d) by 
said lead wires. 

30 

5. A motor-assisted power steering apparatus as 
claimed in claim 4 further comprising a circuit board 
for electrically connecting said switching elements 
(18a-18d) disposed on said brush support (10b). 

35 

6. A motor-assisted power steering apparatus as 
claimed in claim 4 further comprising a smoothing 
element for smoothing battery current and a fail- 
safe relay disposed on said brush support (10b). 

40 

7. A motor-assisted power steering apparatus as 
claimed in claims 4 further comprising a tempera- 
ture sensor disposed on said lead wires connecting 
said pig tails (17) and said switching elements (18a- 
18d). 45 

8. A motor-assisted power steering apparatus as 
claimed in claim 1 , wherein 

said switching elements (18a-18d) are fixed to so 
said frame (4) by screw bolts or adhesive. 

9. A motor-assisted power steering apparatus includ- 
ing a frame (4), a DC motor (2) fixed to said frame 

(4) and having a commutator (8) and a pair of 55 
brushes (9), a torque sensor (19) for detecting 
torque of steering torque and a control circuit (3) for 
controlling current supplied to said motor (2); 



wherein said control circuit (3)comprises: 

a first unit including a plurality of switching ele- 
ments (18a-18d) connected to said motor (2)' 
and disposed in a space defined by said frame 
(4) and said commutator (8); and 
a second unit including a microcomputer (22) 
for setting motor current according to said dig- 
ital signals, a current detecting unit (24) for 
detecting current supplied to said motor (2), a 
current control unit (25) for providing duty ratio 
signals for controlling said switching elements 
(18a-18d), and a gate driving circuit (26) for 
driving said switching elements (18a-18d) 
according to said duty ratio signals and dis- 
posed on an outside of said motor (2). 
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(54) Motor-assisted power steering apparatus 

(57) A motor-assisted power steering apparatus 
includes a DC motor (2) which is fixed to a heat conduc- 
tive frame (4), a torque sensor (19) for detecting torque 
of steering torque and a control circuit (3) for controlling 
current supplied to the motor (2). The control circuit (3) 
comprises a first unit disposed in a space defined by the 
frame (4) and the commutator (8) and a second unit dis- 
posed on an outside of the motor (2). The first unit 
includes a plurality of switching elements (18a-18d) 
connected to the motor (2) and a microcomputer (22) for 
setting motor current, a current detecting unit (24) for 
detecting current supplied to the motor (2), a current 
control unit (25) for providing duty ratio signals and a 
gate driving circuit (26) for driving the switching ele- 
ments (18a-18d) according to the duty ratio signals. 
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